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CYCLONE TYPE LIQUID-VAPOR
SEPARATOR AND FORCED CIRCULATION
TYPE EVAPORATOR USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 15/271,724, filed on Sep. 21, 2016, which claims benefit
of priority to Korean Patent Application No. 10-2015-
0140309 filed on Oct. 6, 2015 1n the Korean Intellectual
Property Oflice, the disclosure of which 1s incorporated
herein by reference 1n 1ts entirety.

BACKGROUND

Field

Apparatuses consistent with exemplary embodiments
relate to a cyclone type liquid-vapor separator and a forced
circulation type evaporator using the same, and more par-
ticularly, to a cyclone type liquid-vapor separator that 1s
coupled to a heat exchanger to constitute a forced circulation
type evaporator, thereby replacing a conventional hiquid-
vapor separator in which a reflection plate or a diffusion
nozzle 1s disposed to ensure flashing area therewith.

Background of the Related Art

A Torced circulation type evaporator 1s generally used as
a crystallizer in sewage and wastewater treatment facilities,
seawater desalination facilities, zero liquid discharge ZLD
facilities, and facilities for concentrating food like sugar,
salt, fruit liquids and so on.

The forced circulation type evaporator includes a heat
exchanger for heating treatment liqud through a heat
medium and a liquid-vapor separator for injecting the heated
treatment liquid into a chamber, evaporating the treatment
liquid, and separating the evaporated treatment liquid into
vapors and concentrated liquid, and the concentrated liquid
discharged from the liquid-vapor separator 1s recycled to the
heat exchanger through a pump.

As shown 1n FIGS. 1q and 15, the liquid-vapor separator
of the related art used 1n the forced circulation type evapo-
rator has a reflection plate (which 1s shown 1n FIG. 1a) or a
diffusion nozzle (which 1s shown 1n FIG. 15) disposed 1n a
chamber so as to ensure the flashing area 1n the chamber.

In the process where the treatment liquid 1s 1njected
through the spray nozzle in the liquid-vapor separator of the
related art, however, foams are produced and mixed with the
separated vapors, thereby giving bad influences on next
stage. Further, caking 1s caused so that crystals of solid
substances are produced from the concentrated liquid dis-
charged to the lower portion of the liquid-vapor separator of
the related art, thereby undesirably reducmg the efliciencies
in the removal of the solid substances 1n a dewatering
process on the next stage.

Accordingly, there 1s a need for the development of a new
liquid-vapor separator capable of ensuring a flashing area
over a given level, while not adopting the spray nozzle
injection of the related art, so that no foams are produced,
thereby enhancing the efliciency of evaporation, and further
capable of forming round and uniform crystals, thereby
improving the efliciencies 1n the removal of solid substances

on next stage thereof.

SUMMARY

Accordingly, the exemplary embodiment has been made
in view ol the above-mentioned problems occurring in the
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prior art, and it 1s an object of the present disclosure to
provide a cyclone type liquid-vapor separator and a forced
circulation type evaporator using the same that 1s capable of
ensuring a flashing area over a given level, while not
adopting a spray nozzle injection, so that no foams are
produced, thereby enhancing the efliciency of evaporation,
and further capable of forming round and uniform crystals,
thereby improving the efliciencies in the removal of solid
substances on next stage thereof.

To accomplish the above-mentioned object, according to
a first aspect of an exemplary embodiment, there 1s provided
a cyclone type liquid-vapor separator for separating vapors
from treatment liquid introduced thereinto, discharging the
separated vapors to the upper portion thereof, and discharg-
ing concentrated treatment liquid to the lower portion
thereol, the liquid-vapor separator 100 including: a chamber
110 having an internal space formed therein so that the
treatment liquid introduced thereinto 1s depressurized and
evaporated to allow the vapors generated through the evapo-
ration to be discharged through a vapor outlet 111 formed on
the top thereol and to allow the concentrated treatment
liquid to be discharged through a concentrated liquid outlet
112 formed on the bottom thereof; an inlet part 120 coupled
to the side surface of the chamber 110 1n a tangent line
direction of the inner peripheral surface of the chamber 110
so as to 1nject the treatment liquid mtroduced theremto, so
that the treatment liquid 1s turned in the form of vortexes
along the mner peripheral surface of the chamber 110; and
at least one or more partition walls 130 disposed 1n an area
between the inlet part 120 and the vapor outlet 111 of the
internal space of the chamber 110 1n such a manner as to
protrude from the inner peripheral wall of the chamber to
prevent the mist contained in the vapors produced from
moving upwardly.

According to the exemplary embodiment, desirably, the
partition walls 130 inclinedly protrude upwardly from the
inner peripheral surface of the chamber 110 at an angle of 90
to 180°.

According to the exemplary embodiment, desirably, the
inlet part 120 has a guide part 121 disposed extendedly by
a given section along the inner peripheral surface of the
chamber 110 from the connected portion to the side surface
of the chamber 110 so as to guide the rotation of the
treatment liquid 1ntroduced therethrough.

According to the exemplary embodiment, desirably, the
guide part 121 1s a separate member protruding from the
inner peripheral surface of the chamber 110.

According to the exemplary embodiment, desirably, the
guide part 121 1s formed by passing the pipe of the inlet part
120 through the chamber 110, extendedly 1nserting the pipe
of the inlet part 120 into the chamber 110, and fastening the
pipe of the inlet part 120 to the inner peripheral surface of
the chamber 110 along the inner peripheral surface of the
chamber 110.

According to the exemplary embodiment, desirably, the
pipe of the inlet part 120, which 1s passed through the
chamber 110 and extendedly inserted into the chamber 110
to form the guide part 121, 1s open on a given area of the top
portion thereof.

According to the exemplary embodiment, desirably, the
liguid-vapor separator 100 further includes an interior
demister 140a disposed on any one or more areas above or
under the partition walls 130 1n the chamber 110 and having
a mesh type plate member adapted to block the mist con-
tamned 1n the vapors 1n the process wherein the generated
vapors are discharged upwardly.
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According to the exemplary embodiment, desirably, the
liquid-vapor separator further includes an exterior demister
14056 disposed separately to the outside of the chamber 110
in such a manner as to be connected to the end of the vapor
outlet 111 to introduce the discharged vapors from the vapor
outlet theremto and having a chevron type member disposed
in a moving path of the imtroduced vapors to block the mist
contained 1n the vapors.

According to the exemplary embodiment, desirably, the
inner peripheral wall of the chamber 110 1s tapered toward
the concentrated liquid outlet 112 formed on the bottom of
the chamber 110 to reduce the turning radius of the treatment
liquad.

According to the exemplary embodiment, desirably, the
liquid-vapor separator 100 further includes vortex breaking
members 150 disposed on an area wherein the concentrated
liquad outlet 112 1s formed on the bottom of the chamber 110
so as to break the vortexes generated from the treatment
liquad.

According to the exemplary embodiment, desirably, the
vortex breaking members 150 are at least two or more plate
members crossing each other in such a manner as to be
parallel to the discharge direction of the concentrated treat-
ment liquid.

To accomplish the above-mentioned objects, according to
a second aspect of the exemplary embodiment, there 1is
provided a forced circulation type evaporator A for evapo-
rating and concentrating treatment liquid, including: a heat
exchanger 200 adapted to heat the treatment liquid intro-
duced thereinto by means of heat exchange with a heat
medium introduced from the outside thereof; and a liquid-
vapor separator 100 for separating vapors from the heated
treatment liquid introduced from the heat exchanger 200,
discharging the separated vapors to the upper portion
thereol, and discharging concentrated treatment liquid to the
lower portion thereof, wheremn the liquid-vapor separator
100 1includes: a chamber 110 having an internal space
formed therein so that the treatment liquid introduced there-
into 1s depressurized and evaporated to allow the vapors
generated through the evaporation to be discharged through
a vapor outlet 111 formed on the top thereof and to allow the
concentrated treatment liquid to be discharged through a
concentrated liquid outlet 112 formed on the bottom thereof;
an inlet part 120 coupled to the side surface of the chamber
110 1n a tangent line direction of the 1nner peripheral surface
of the chamber 110 so as to inject the treatment liquid
introduced thereinto, so that the treatment liquid 1s turned 1n
the form of vortexes along the inner peripheral surface of the
chamber 110; and at least one or more partition walls 130
disposed 1n an area between the inlet part 120 and the vapor
outlet 111 of the internal space of the chamber 110 in such
a manner as to protrude from the inner peripheral wall of the
chamber 110 to prevent the mist contained 1n the vapors
produced from moving upwardly.

According to the exemplary embodiment, desirably, the
forced circulation type evaporator turther includes a suction
pump 300 connected to the rear end of the liquid-vapor
separator 100 to provide power for discharging the concen-
trated treatment liquid from the liquid-vapor separator 100.

According to the exemplary embodiment, desirably, the
partition walls 130 inclinedly protrude upwardly from the
inner peripheral surface of the chamber 110 at an angle of 90
to 180°.

According to the exemplary embodiment, desirably, the
inlet part 120 has a guide part 121 disposed extendedly by
a given section along the inner peripheral surface of the
chamber 110 from the connected portion to the side surface

10

15

20

25

30

35

40

45

50

55

60

65

4

of the chamber 110 so as to guide the rotation of the
treatment liquid introduced therethrough, the guide part 121
being a separate member protruding from the mner periph-
eral surface of the chamber 110 or being formed by passing
the pipe of the inlet part 120 through the chamber 110,
extendedly inserting the pipe of the inlet part 120 into the
chamber 110, and fastening the pipe of the inlet part 120 to
the mner peripheral surface of the chamber 110 along the
inner peripheral surface of the chamber 110, wherein the
pipe of the imlet part 120, which 1s passed through the
chamber 110 and extendedly inserted ito the chamber 110
to form the guide part 121, 1s open on a given area of the top
portion thereof.

According to the exemplary embodiment, desirably, the
forced circulation type evaporator turther includes an inte-
rior demister 140a disposed on any one or more areas above
or under the partition walls 130 1n the chamber 110 and
having a mesh type plate member adapted to block the mist
contained 1n the vapors 1n the process wherein the generated
vapors are discharged upwardly, or an exterior demister
14056 disposed separately to the outside of the chamber 110
in such a manner as to be connected to the end of the vapor
outlet 111 to mtroduce the discharged vapors from the vapor
outlet thereinto and having a chevron type member disposed
in a moving path of the mtroduced vapors to block the mist
contained in the vapors.

According to an aspect of an exemplary embodiment,
there 1s provided a cyclone type liquid-vapor separator for
separating vapors from treatment liquid introduced there-
into, discharging the separated vapors to the upper portion
thereof, and discharging concentrated treatment liquid to the
lower portion thereof, the liquid-vapor separator including:
a chamber including: an internal space wherein the treatment
liquid introduced into the internal space 1s depressurized and
evaporated; a vapor outlet formed on a top of the chamber
and through which vapors generated through the evaporation
1s discharged; and a concentrated liquid outlet formed on a
bottom of the chamber and through which the concentrated
treatment liquud 1s discharged; an inlet part coupled to a side
surface of the chamber 1n a tangent line direction of an 1nner
peripheral surface of the chamber, the treatment liquid
introduced into the chamber 1s turned in the form of vortexes
along the inner peripheral surface of the chamber, and at
least one partition wall disposed 1n an area between the inlet
part and the vapor outlet of the internal space of the chamber
and protruding from the imnner peripheral wall of the chamber
to prevent mist contained i the vapors from moving
upwardly.

The at least one partition wall may inclinedly protrude
upwardly from the inner peripheral surface of the chamber
at an angle of 90 to 180°.

The 1let part may include a guide part disposed extend-
edly by a section along the inner peripheral surface of the
chamber from a connected portion to the side surface of the
chamber and configured to guide a rotation of the treatment
liquid introduced through the inlet part.

The guide part may be separate from the inlet part and
protrude from the inner peripheral surface of the chamber.

The guide part may include a pipe passing through the
inlet part, the pipe extendedly mserted into the chamber, and
being fastened to the inner peripheral surface of the chamber
along the mner peripheral surface of the chamber.

The pipe of the inlet part, which 1s passed through the
chamber and extendedly inserted into the chamber, may be
open on a top portion of the pipe.

The liquid-vapor separator may further include an interior
demister disposed above or under the at least one partition
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wall 1n the chamber and having a mesh type plate member
configured to block the mist contained in the vapors dis-
charged upwardly.

The liquid-vapor separator may further include an exterior
demuister disposed separately to an exterior of the chamber 1n
such a manner as to be connected to an end of the vapor
outlet to introduce the discharged vapors from the vapor
outlet thereinto and having a chevron type member disposed
in a moving path of the mtroduced vapors to block the mist
contained 1n the vapors.

The 1mner peripheral wall of the chamber may be tapered
toward the concentrated liquid outlet formed on the bottom
of the chamber to reduce a turning radius of the treatment
liquad.

The liquid-vapor separator may further include a vortex
breaking member disposed on an area wherein the concen-
trated liquid outlet 1s formed on the bottom of the chamber
so as to break the vortexes generated from the treatment
liquad.

The vortex breaking member may include at least two
plate members crossing each other in such a manner as to be
parallel to a discharge direction of the concentrated treat-
ment liquid.

According to an aspect of an exemplary embodiment,
there 1s provided a forced circulation type evaporator for
evaporating and concentrating treatment liquid, including: a
heat exchanger configured to heat the treatment lhiquid
introduced 1into the heat exchanger by a heat medium
introduced from an exterior of the heat exchanger; and a
liquid-vapor separator configured to separate vapors from
the heated treatment liquid from the heat exchanger, con-
figured to discharge the separated vapors to an upper portion
of the liquid-vapor separator, and configured to discharge
concentrated treatment liquud to a lower portion of the
liguid-vapor separator, wherein the liquid-vapor separator
includes: a chamber including: an internal space wherein the
treatment liquid 1introduced into the internal space 1s depres-
surized and evaporated; a vapor outlet formed on a top of the
chamber and through which vapors generated through the
evaporation 1s discharged; and a concentrated liquid outlet
formed on a bottom of the chamber and through which the
concentrated treatment liquid 1s discharged; an inlet part
coupled to a side surface of the chamber 1n a tangent line
direction of an iner peripheral surface of the chamber, the
treatment liquid 1introduced into the chamber 1s turned 1n the
form of vortexes along the inner peripheral surface of the
chamber; and at least one partition wall disposed in an area
between the inlet part and the vapor outlet of the internal
space of the chamber and protruding from the inner periph-
eral wall of the chamber to prevent mist contained 1n the
vapors from moving upward.

The {forced circulation type evaporator may dfurther
include a suction pump connected to a rear end of the
liquid-vapor separator and configured to provide power for
discharging the concentrated treatment liquid from the lig-
uid-vapor separator.

The at least one partition wall may inclinedly protrude
upwardly from the inner peripheral surface of the chamber
at an angle of 90 to 180°.

The inlet part may include a guide part disposed extend-
edly by a section along the inner peripheral surface of the
chamber from a connected portion to the side surface of the
chamber and configured to guide a rotation of the treatment
liquid introduced through the inlet part.

The guide part may be separate from the inlet part and
protrudes from the inner peripheral surface of the chamber.
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The guide part may include a pipe passing through the
inlet part, the pipe extendedly mserted into the chamber, and
being fastened to the inner peripheral surface of the chamber

along the inner peripheral surface of the chamber.

The pipe of the inlet part, which 1s passed through the
chamber and extendedly inserted into the chamber, may be
open on a top portion of the pipes.

The forced circulation type evaporator may further
include an iterior demister disposed above or under the at
least one partition wall 1n the chamber and having a mesh
type plate member configured to block the mist contained in
the vapors discharged upwardly.

The forced circulation type evaporator may further
include an exterior demister disposed separately to an exte-
rior of the chamber in such a manner as to be connected to
an end of the vapor outlet to introduce the discharged vapors
from the vapor outlet thereinto and having a chevron type
member disposed 1n a moving path of the itroduced vapors
to block the mist contained 1n the vapors.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the exemplary embodiment will be apparent from the fol-
lowing detailed description of the exemplary embodiments
of the disclosure 1n conjunction with the accompanying
drawings, in which:

FIGS. 1aq and 15 are schematic views showing two kinds
of forced circulation type evaporators of the related art;

FIG. 2 1s a schematic view showing a liquid-vapor sepa-
rator according to the exemplary embodiment, in which an
interior demister 1s mounted;

FIGS. 3a and 3b6 are front and plan views showing the
liquid-vapor separator according to the exemplary embodi-
ment, wherein an example of the coupling of an inlet part
and a guide part to a chamber;

FIGS. 4a and 44 are front and plan views showing the
liquid-vapor separator according to the exemplary embodi-
ment, wherein another example of the coupling of an inlet
part and a guide part to a chamber;

FIG. 5 1s a sectional view taken along the line A-A' of
FIG. 2;

FIG. 6 1s a schematic view showing the liqumd-vapor
separator according to the exemplary embodiment, 1n which
an exterior demister 1s mounted; and

FIG. 7 1s a schematic view showing a forced circulation
type evaporator according to the exemplary embodiment.

DETAILED DESCRIPTION

Heremafiter, an explanation on a liquid-vapor separator
and a forced circulation type evaporator having the liquid-
vapor separator according to the exemplary embodiment
will be 1n detail given with reference to the attached draw-
ing. Betore the description, the terms or terminology used 1n
the description and claims of the exemplary embodiment are
used to only describe specific exemplary embodiments and
are not 1itended to restrict the exemplary embodiment.

In the description, when it 1s said that one member 1s
located ““above” or “under” another member, 1t means that
one member may come 1nto contact with another member as
well as yet another member may exist between the two
members.

In the description, when it i1s said that one portion 1s
described as “includes™ any component, one element further
may include other components unless no specific description
1s suggested.
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Identification symbols on steps are used for the conve-
nience of the description, and they do not mean the order of
the steps. The steps may be differently carried out from the
described order unless a specific order 1s described. That 1s,
the steps may be carried out 1n the same order as described,
carried out at the same time, or carried out in the opposite
order to that described.

In the description, a “front end” of a given member means
all directions to which a given gas or tluid 1s introduced into
the given member, and in the same manner as above, a “rear
end” of a given member means all directions to which a
given gas or fluid 1s discharged from the given member,

The exemplary embodiment 1s disclosed with reference to
the attached drawings wherein the corresponding parts in the
exemplary embodiments are indicated by corresponding
reference numerals and the repeated explanation on the
corresponding parts will be avoided. If 1t 1s determined that
the detailed explanation on the well-known technology
related to the mventive concept makes the scope of the
present invention not clear, the explanation will be avoided
for the brevity of the description.

In the description of the components of the exemplary
embodiment, further, terms, such as the first, the second, A,
B, (a), (b) and so on may be used to describe various
clements, but the elements should not be restricted by the
terms. The terms are used to only distinguish one element
from the other element. Accordingly, the inherence,
sequence or order of the corresponding element 1s not
restricted by the terms.

When 1t 1s said that one element 1s described as being
“connected” or “coupled” to another element, one element
may be directly connected or coupled to another element,
but 1t should be understood that yet another element may be
“connected” or “coupled” between the two elements.

In the description, when 1t 1s said that one element 1s
located “above” another element, 1t should be understood
that one element 1s located in such a manner as to pass
through another element, and otherwise, another member 1s
located 1n such a manner as to pass through one element.

The present disclosure relates to a liquid-vapor separator
that separates vapors from treatment liquid to discharge the
separated vapors upwardly and discharge concentrated treat-
ment liguid downwardly, and FIG. 2 1s a schematic view
showing a liquid-vapor separator according to the exemplary
embodiment.

A liquid-vapor separator 100 according to the exemplary
embodiment includes a chamber 110 having a vapor outlet
111 formed on the top thereof and a concentrated liquid
outlet 112 formed on the bottom thereof, an inlet part 120
connected to the chamber 110 to introduce treatment liquid
theremnto, and at least one or more partition walls 130
disposed 1n the chamber 110 to prevent the mist contained 1n
the vapors produced 1n the depressurization and evaporation
process of the treatment liquid from moving upwardly and
introduced into next stage.

Particularly, the liquid-vapor separator 100 according to
the exemplary embodiment 1s not a conventional type device
using a spray nozzle, but a cyclone type device configured
to have the ilet part 120 coupled to the side surface of the
chamber 110 1n a tangent line direction of the inner periph-
eral surface of the chamber 110, so that the treatment liquid
forms vortexes along the inner peripheral surface of the
chamber 110 by means of the ilet part 120.

Accordingly, as shown in FIG. 2, the treatment water
rotates 1n the form of vortexes in the chamber 110, and
depressurization and evaporation occur from the surfaces of
the vortexes. Further, the efliciency of evaporation 1s
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enhanced by the increment of turbulent flow strength and
flashing area, and hydrostatic pressure 1s lowered as 1t goes
toward the center of the vortexes, thereby minimizing sub-
mersible loss. Also, round and uniform crystals are formed
through the mixing eflects generated by the turbulent flows
in the form of vortexes, thereby improving the efliciency 1n
the removal of solid substances on next stage, that 1s, 1n a
dewatering process. Furthermore, a section in which the
liqguid stays does not exist in the chamber 110, thereby
preventing the generation of caking.

As shown in FIG. 2, the liquid-vapor separator 100
according to the exemplary embodiment includes the at least
one or more partition walls 130 adapted to prevent the mist
contained 1n the vapors produced in the chamber 110 from
moving upwardly. In the vapor producing and raising pro-
cess, large and small mist (droplets) may move upwardly
together with the vapors, and 1n this case, relatively large
mist 1s blocked by means of the partition walls 130 and falls
down by means of gravity.

The partition walls 130 are disposed 1n an internal space
of the chamber 110 between the inlet part 120 and the vapor
outlet 111 in such a manner as to protrude from the 1nner
peripheral surface of the chamber 110. More particularly, as
shown 1n FIG. 2, the partition walls 130 inclinedly protrude
upwardly from the inner peripheral surface of the chamber
110 at an angle of 90 to 180°, thereby more eflectively
blocking the upward movement of the mist and inducing
downward movement of the blocked muist.

On the other hand, relatively small mist may be not
blocked by means of the partition walls 130 and thus move
upwardly, and so as to avoid the problems, the liquid-vapor
separator 100 according to the exemplary embodiment fur-
ther includes a demister. According to the exemplary
embodiment, as shown 1n FIG. 2, the liquid-vapor separator
100 has an interior demister 140a disposed therein. In more
detail, the interior demister 140a 1s disposed on any one or
more areas above or under the partition walls 130 1n the
chamber 110 and has a mesh type plate member adapted to
block the mist contained 1n the vapors 1n the process wherein
the generated vapors are discharged upwardly. Through the
formation of the interior demister 140q, the mist not
removed through the partition walls 130 1s efiectively {il-
tered 1n the upward movement process of the vapors.

As shown in FIG. 6, the liquid-vapor separator 100
according to the exemplary embodiment may include an
exterior demister 14056. In more detail, the exterior demister
14056 1s disposed separately to the outside of the chamber
110 1n such a manner as to be connected to the end of the
vapor outlet 111 to introduce the discharged vapors from the
vapor outlet 111 thereinto and has a chevron type member
disposed 1n a moving path of the introduced vapors to block
the mist contained in the vapor. If the exterior demister 1405
1s located at the outside of the chamber 11, the volume of the
chamber 111 of the liqud-vapor separator 100 using rela-
tively high quality and high cost materials can be reduced
economically, and further, the contamination of the demister
1s minimized, thereby making it easy to perform mainte-
nance like cleaning.

The liquid-vapor separator 100 according to the exem-
plary embodiment further includes a guide part 121 disposed
within the chamber 110 to guide the rotation of the treatment
liquid so that the vortexes 1n the chamber 110 are formed 1n
uniform heights to provide suflicient evaporation eflicien-
cies.

I1 the treatment liquid 1s introduced from the 1nlet part 120
in the tangent line direction of the inner peripheral surface
of the chamber 110 into the chamber 110, without having the
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guide part 121, the water surface on the opposite area to the
area adjacent to the inlet part 120 becomes lower than that
on the area adjacent to the inlet part 120 through the
influence of gravity and the reduction of the pressure of the
introduced treatment liquid, and accordingly, unbalancing
on the water surfaces 1s caused to have a bad intluence on the
evaporation efliciency.

So as to remove the above-mentioned problems, accord-
ingly, the guide part 121 1s disposed extendedly by a given
section along the inner peripheral surface of the chamber
110 1n the rotating direction of the treatment liquid from the
connected portion between the inlet part 120 and the side
surface of the chamber 110, so that the treatment liquid
supplied from the 1nlet part 120 can maintain the introduced
pressure to a given level, without having no influence under
gravity for the given section.

As shown 1n FIGS. 3a and 35, the guide part 121 15 a
separate member protruding from the inner peripheral sur-
tace of the chamber 110. Referring to FIG. 35, the treatment
liquid supplied from the inlet part 120 flows along the guide
part 121 protruding by the given section from the inner
peripheral surface of the chamber 110, thereby causing the
entirely uniform vortexes therefrom.

On the other hand, as shown in FIGS. 4a and 44, the guide
part 121 1s formed by extending the pipe constituting the
inlet part 120 by the given section. In more detail, the pipe
of the inlet part 120 1s passed through the chamber 110,
extendedly inserted into the chamber 110, and fastened to
the mner peripheral surface of the chamber 110 along the
inner peripheral surface of the chamber 110. So as to allow
the evaporation to be carried out even in the extendedly
inserted area of the inlet part 120, at this time, the pipe of the
inlet part 120, which 1s extendedly inserted into the chamber
110 to form the guide part 121, as shown in FIGS. 4a and 45,
1s desirably open on a given area of the top portion thereof.

As shown 1n FIG. 2, the imner peripheral wall of the
chamber 110 of the liquid-vapor separator 100 according to
the exemplary embodiment 1s desirably tapered toward the
concentrated liquid outlet 112 formed on the bottom thereof
to reduce the turning radius of the treatment liquid. Under
the lower portion structure of the chamber 110 wherein the
sectional area thereof 1s gradually reduced, at this time,
when the treatment liquid reaches the concentrated liquid
outlet 112, drastic vortexes are generated to cause cavitation
thereon, Wthh gives bad influence on a pump connected to

the rear end of the chamber 110 to provide the power for
discharging the concentrated treatment liquid from the
chamber 110.

So as to remove the above-mentioned problems, the
liquid-vapor separator 100 according to the exemplary
embodiment further includes vortex breaking members 150
disposed on the area wherein the concentrated liquid outlet
112 1s formed on the lower portion of the chamber 110 so as
to break the vortexes generated from the treatment hiquid.
The vortex breaking members 150 are located on the path of
the discharged treatment liquid and block the vortex flows of
the treatment liquid thereby breaking the vortexes formed
therein. FIG. 5 1s a sectional view taken along the line A-A'
of FIG. 2, and as shown i FIG. 5, the vortex breaking
members 150 are at least two or more plate members
crossing each other in such a manner as to be parallel to the
discharge direction of the concentrated treatment liquid.

On the other hand, the exemplary embodiment relates to
a forced circulation type evaporator A that has the liquid-
vapor separator 100 to evaporate and concentrate the treat-
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ment liquid. FIG. 7 1s a schematic view showing the forced
circulation type evaporator A according to the exemplary
embodiment.

The forced circulation type evaporator A according to the
exemplary embodiment includes a heat exchanger 200
adapted to heat the treatment liquid introduced thereinto by
means of heat exchange and the liquid-vapor separator 100
adapted to separate the heated treatment liquid into vapors
and concentrated treatment liquid and to discharge the
vapors and the concentrated treatment liquud.

Further, the forced circulation type evaporator A accord-
ing to the exemplary embodiment further includes a suction
pump 300 adapted to provide power for discharging the
concentrated treatment liquid from the concentrated liquid
outlet 112 formed on the rear end of the liqud-vapor
separator 100, and the whole or a portion of the concentrated
treatment liquid discharged through the suction pump 300 1s
recycled to the heat exchanger 200.

As mentioned above, the liquid-vapor separator and the
forced circulation type evaporator having the liquid-vapor
separator according to the exemplary embodiment do not
adopt the conventional spray nozzle injection system so that
no foams are produced and the flashing area 1s provided over
a given level, thereby enhancing the efliciency of evapora-
tion, and further form the round and uniform crystals,
thereby 1mproving the efliciency in the removal of solid
substances on next stage thereol.

Additionally, the liquid-vapor separator and the forced
circulation type evaporator having the liquid-vapor separa-
tor according to the exemplary embodiment can enhance the
ciliciencies of evaporation and separation through the incre-
ment of turbulent flow strength and flashing area, thereby
overcoming a scale production problem and a reference
strengthening problem of water discharge, which are
recently 1ssued on the interior of the forced circulation type
evaporator.

While exemplary embodiment have been described with
reference to the particular illustrative embodiments, 1t 1s not
to be restricted by the embodiments but only by the
appended claims. It 1s to be appreciated that those skilled 1n
the art can change or modily the embodiments without
departing from the scope and spirit of the inventive concept
as defined by the appended claims.

What 1s claimed 1s:

1. A cyclone type liquid-vapor separator for separating
vapors Irom treatment liquid introduced thereinto, discharg-
ing the separated vapors to the upper portion thereof, and
discharging concentrated treatment liquid to the lower por-
tion thereotf, the liquid-vapor separator comprising:

a chamber comprising:

an internal space wherein the treatment liquid intro-
duced into the internal space 1s depressurized and
evaporated;

a vapor outlet formed on a top of the chamber and
through which vapors generated through the evapo-
ration 1s discharged; and

a concentrated liquid outlet formed on a bottom of the
chamber and through which the concentrated treat-
ment liquid 1s discharged;

an inlet part coupled to a side surface of the chamber 1n

a direction of a tangent line of an inner peripheral
surface of the chamber between the vapor outlet and the
concentrated liquid outlet, the treatment liqud intro-
duced into the chamber being turned in the form of
vortexes along the mnner peripheral surface of the
chamber:; and
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at least one partition wall protruding inwardly from the
inner peripheral wall of the chamber and forming an
angle of less than 90° with respect to the mner periph-
cral surface of the chamber, the at least one partition
wall configured to block large mist droplets contained
in the vapors from moving upward toward the vapor
outlet while allowing small mist droplets to move
upward together with the vapors through an opening 1n
the at least one partition wall, the at least one partition
wall including a bottom that 1s disposed above the
tangent line of the inlet part and against the inner
peripheral surface of the chamber,

wherein the treatment liquid 1s introduced into the cham-

ber along the tangent line of the inner peripheral
surface of the chamber, such that the vortexes are
formed below the bottom of the at least one partition
wall.

2. The liquid-vapor separator according to claim 1,
wherein the at least one partition wall includes a top that 1s
disposed above the bottom of the at least one partition wall
and below the vapor outlet of the internal space of the
chamber.

3. The liquid-vapor separator according to claim 1, further
comprising a guide part disposed along the inner peripheral
surface of the chamber from a connected portion at the side
surface of the chamber and configured to guide a rotation of
the treatment liguid introduced through the inlet part.

4. The liquid-vapor separator according to claim 3,
wherein the guide part 1s disposed along an arc of a
circumierential line of the inner peripheral surface of the
chamber and protrudes from the mner peripheral surface of
the chamber.

5. The liquid-vapor separator according to claim 3,
wherein the guide part 1s fastened to the inner peripheral
surface of the chamber.

6. The liquid-vapor separator according to claim 3,
wherein the guide part comprises a pipe passing through the
inlet part and extending into the chamber along the inner
peripheral surface of the chamber.

7. The liquid-vapor separator according to claim 6,
wherein the pipe of the inlet part includes a top portion
facing toward the at least one partition wall, and wherein the
top portion of the pipe 1s open.

8. The liquid-vapor separator according to claim 1, further
comprising an interior demister that 1s disposed in the
chamber above a top of the at least one partition wall in the
chamber and includes a mesh type plate member configured
to face the opening 1n the at least one partition wall 1n order
to block mist that passes the at least one partition wall.

9. The liquid-vapor separator according to claim 1, further
comprising an interior demister that 1s disposed in the
chamber below the bottom of the at least one partition wall
in the chamber and includes a mesh type plate member
configured to face the opening 1n the at least one partition
wall 1n order to block mist contained 1n the vapors passing
upwardly.

10. The liquid-vapor separator according to claim 1,
turther comprising an exterior demister disposed separately
to an exterior of the chamber 1n such a manner as to be
connected to an end of the vapor outlet to introduce the
discharged vapors from the vapor outlet thereinto and hav-
ing a chevron type member disposed 1n a moving path of the
introduced vapors to block the mist contained 1n the vapors.

11. The liquid-vapor separator according to claim 1,
wherein the inner peripheral wall of the chamber 1s tapered
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toward the concentrated liquid outlet formed on the bottom
of the chamber to reduce a turning radius of the treatment
liquad.

12. The lhiquid-vapor separator according to claim 11,
further comprising a vortex breaking member disposed on
an arca wherein the concentrated liquid outlet 1s formed on
the bottom of the chamber so as to break the vortexes
generated from the treatment liquid.

13. The liguid-vapor separator according to claim 12,
wherein the vortex breaking member comprises at least two
plate members crossing each other in such a manner as to be
parallel to a discharge direction of the concentrated treat-
ment liqud.

14. A cyclone type liquid-vapor separator for separating
vapors from treatment liquid introduced thereinto, discharg-
ing the separated vapors to the upper portion thereof, and
discharging concentrated treatment liquid to the lower por-
tion thereotf, the liquid-vapor separator comprising:

a chamber comprising:

an internal space wherein the treatment liquid intro-
duced into the internal space 1s depressurized and
evaporated;

a vapor outlet formed on a top of the chamber and
through which vapors generated through the evapo-
ration 1s discharged; and

a concentrated liquid outlet formed on a bottom of the
chamber and through which the concentrated treat-
ment liquid 1s discharged; and

an 1nlet part coupled to a side surtace of the chamber 1n
a direction of a tangent line of an inner peripheral
surface of the chamber between the vapor outlet and the
concentrated liquid outlet, the treatment liqud intro-
duced into the chamber being turned i1n the form of
vortexes along the mnner peripheral surface of the
chamber, the 1nlet part comprising a guide part config-
ured to guide a rotation of the treatment liquid intro-
duced through the inlet part, the guide part comprising
a pipe passing through the inlet part,

wherein the pipe of the inlet part 1s passed through the
chamber to be extendedly mserted into the chamber and
includes a top portion that 1s open such that evaporation
of the treatment liquid occurs 1n an extendedly inserted
area of the inlet part.

15. A forced circulation type evaporator for evaporating

and concentrating treatment liquid, comprising:

a heat exchanger configured to heat the treatment liquid
introduced into the heat exchanger by a heat medium
introduced from an exterior of the heat exchanger; and

a liguid-vapor separator configured to separate vapors
from the heated treatment liquid from the heat
exchanger, configured to discharge the separated
vapors to an upper portion of the liquid-vapor separa-
tor, and configured to discharge concentrated treatment
liquid to a lower portion of the liquid-vapor separator,

wherein the liquid-vapor separator comprises:

a chamber comprising;
an 1nternal space wherein the treatment liquid ntro-

duced into the internal space 1s depressurized and
evaporated;

a vapor outlet formed on a top of the chamber and
through which wvapors generated through the
evaporation 1s discharged; and

a concentrated liquid outlet formed on a bottom of
the chamber and through which the concentrated
treatment liquid 1s discharged;

an 1nlet part coupled to a side surface of the chamber 1n
a direction of a tangent line of an inner peripheral
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surface of the chamber between the vapor outlet and
the concentrated liquid outlet, the treatment liquid
introduced 1nto the chamber being turned 1n the form
of vortexes along the inner peripheral surface of the
chamber; and
at least one partition wall protruding imnwardly from the
inner peripheral wall of the chamber and forming an
angle of less than 90° with respect to the inner
peripheral surface of the chamber, the at least one
partition wall configured to block large mist droplets
contained 1n the vapors from moving upward toward
the vapor outlet while allowing small mist droplets to
move upward together with the vapors through an
opening 1n the at least one partition wall, the at least
one partition wall including a bottom that 1s disposed
above the tangent line of the inlet part and against the
inner peripheral surface of the chamber,
wherein the treatment liquid 1s introduced into the
chamber along the tangent line of the mnner periph-
eral surface of the chamber, such that the vortexes
are formed below the bottom of the at least one
partition wall.
16. The forced circulation type evaporator according to
claim 15, wherein the at least one partition wall includes a
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top that 1s disposed above the bottom of the at least one
partition wall and below the vapor outlet of the internal
space ol the chamber.

17. The forced circulation type evaporator according to
claim 15, further comprising a guide part disposed along the
inner peripheral surface of the chamber from a connected
portion at the side surface of the chamber and configured to
guide a rotation of the treatment liquid introduced through
the 1nlet part,

wherein the guide part 1s disposed along an arc of a

circumierential line of the inner peripheral surface of
the chamber and protrudes from the inner peripheral
surface of the chamber, and

wherein the guide part 1s fastened to the inner peripheral

surface of the chamber.

18. The forced circulation type evaporator according to
claim 17, wherein the guide part comprises a pipe passing
through the 1nlet part and extending into the chamber along
the inner peripheral surface of the chamber, and wherein the
pipe of the inlet part includes a top portion facing toward the
at least one partition wall, and wherein the top portion of the
pipe 1S open.
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